Reducing nitrogen nutrients concentration in dairy food is economic for pig industry. Here, we used finishing pig as model to investigate the effect on colon mucosal barrier and nutrients absorption after reducing crude protein (CP) in dietary from 16 % to 13 %. The results showed that crypt depth, cells, claudin-1 and E-cadherin expression level will not be changed, which implied the integrity of colon mucosal structure. Furthermore, the expressions of ASCT1, EAAT3 and SGLT1 in colon were also maintained at normal levels in 13 % CP dietary. Interestingly, the CAT1 and GLUT2 expression were increased significantly after reducing CP level to 13 %, which might be attributed to the compensatory nutrients absorption. This study implied that 13 % CP was sufficient to maintain normal colon structure and will not change intestinal morphology, which provided a basis for an ideal economic protein feed formula.
INTRODUCTION
The intestines are a key part of the body's digestive tract and are responsible for absorbing nutrients from the foods. The small intestine is generally considered the digestive organ that absorbs the most nutrients. The large intestine has two main functions: storage of undigested food matter and nutrients absorption, including water, salts and vitamins that allow the body to function normally. Recent study demonstrated that the large intestine contains large number of intestinal microbiota and large intestine also absorbs nutrients that are created by the bacteria that reside there. Bacteria break down the fiber into substances called short-chain fatty acids, which are then used by the large intestine as an energy source. In the large intestine, microbiota proteases intensively degrade undigested proteins in peptide and amino acids. The amino acids are further converted to numerous bacterial metabolites, which could be absorbed through the colonic mucosa or used by intestinal microbiota (Blachier et al., 2007) . Moreover, cationic and neutral AA transporter SLC7A9 mRNA abundance was similarly expressed in the large compared with small intestine, which indicate that the large intestine might contribute to amino acids absorption (Woodward et al., 2010) .
The nutrients absorption in large intestine affects large intestine function, such as intestinal inflammation or an infection, which represents a group of intestinal disorders that causes prolonged inflammation of the digestive tract. Previous studies have shown that dietary nutrients could regulate the health of the gut. For example, diet-induced changes in the composition of the gut microbiome could modulate the induction of regulatory versus effector immune responses at the gut mucosa and improve health outcomes (Viladomiu et al., 2013) . Moreover, high in fat and protein but low in fruits and vegetables may be associated with the increase of inflammatory bowel disease (IBD) (Hou et al., 2011) . Therefore, appropriately reducing supply of dietary nitrogen could effectively alleviate intestinal inflammation without worsen the body's growth performance. And reducing dietary nitrogen levels could not only lessen the cost and burden of obtaining a good quality protein source in China, but also decrease the excretion of nitrogen into the environment all over the world. However, the precise influences of reducing nitrogen nutrients to colon health remain unknown.
In our previous study, we found that a low-protein diet supplemented with deficient amino acids could reduce the excretion of nitrogen into the environment without affecting growth performance, such us final body weight, average daily feed intake and the ratio of feed and gain (He et al., 2016) . Nutrients are digested and absorbed through the gastrointestinal tract and then influence the intestinal morphological characteristics (Jezierny et al., 2010) . However, the intestinal structure might also contribute to the absorption efficiency of nutrients, such as amino acids through the amino acids transporters at the intestinal epithelium (Golovchenko et al., 2012; de Julian-Ortiz et al., 2014) . Previous study has demonstrated that amino acid transporters could be detected in the colon (Ugawa et al., 2001) . In this experiment, we used finishing pigs as a model, and the CP level from 16 % (NRC standard) to 13 % in order to test the effect of different CP levels on the colonic mucosal barrier.
MATERIAL AND METHOD
Animals and sample collection. Twelve cross-bred (Duroc ¥ Landrace ¥ Yorkshire) finishing pigs (average initial BW = 62.3 kg) were randomly allocated to two different dietary CP levels: low (13 %) or normal (16 %) level of CP (group LP and group NP, respectively). There was a 3-day acclimatization period prior to the commencement of each experiment. In the experiments, diets with LP were supplemented with crystalline amino acids to achieve equal content of standardized ileal digestible Lys, Met, Thr, and Trp (NRC 2012) . The composition of experimental diets used in this study is shown in Table I (He et al.) . Pigs were housed individually in metabolism cages and there were 6 pigs per treatment group. Pigs had free access to feed and drinking water throughout the experimental period. This experiment lasted for 50 days. At the end of each experiment, pigs were anesthetized with an intravenous injection of sodium pentobarbital (50 mg/kg BW) and then euthanized. Intestine samples were collected and immediately frozen in liquid nitrogen. Body weight of each pig was recorded at the beginning and end of the study to compute weight gains. Feed intake was calculated on a daily basis as the difference between the feed offered and the feed remained in the feeder. All procedures involving pig treatments were approved by the Animal Ethics Committees of the Institute of Subtropical Agriculture, Chinese Academy of Science of Occupational Health and Technical Safety.
Histochemistry of goblets cells. To detect the neutral and acidic glycoconjugates in the goblet cells as well as for general observation of the colonic morphology, slide sections were processed using Periodic acid-Schiff reagent (PAS) and counterstained with hematoxylin (Liu et al., 2014) . Colonic crypt depth determined on hemalun-stained sections. The number of the positively stained goblet cells was determined for 10 full-length crypts using Image-ProPlus software, version 6.0 (Media Cybernetics). The values were averaged per crypt for each tissue sample (Da Silva et al., 2014) .
Western blot analysis. The frozen intestinal samples were powdered using liquid nitrogen and lysed with RIPA lysis buffer. The supernatant fluid protein concentration was determined using the Tecan Infinite 200 Pro (Tecan, Switzerland). The samples were adjusted to an equal protein concentration and then diluted with 4×loading buffer to a final volume of 2.5 ml and heated in boiling water for 5 min. After cooling on ice, the solution was used for Western blot analysis (Kurien & Scofield, 2015) . Equal quantities of the sample aliquots were subjected to 10 % SDS-PAGE (10 % gradient gel) and then transferred to a PVDF membrane (Millipore, MA, USA) at 90 V for 100 min using the Bio-Rad Transblot apparatus (CA, USA). The membranes were blocked with 5 % fat-free milk in TBST for 2 h and then incubated with an anti-CAT1 (1:1000) abcam, USA, an anti-E-cadherin (1:500) (abcam, USA), an anti-EAAT3 (1:1000), an anti-ASCT1 (1:1000), an anti-Claudin-1 (1:800), an anti-SGLT1 (1:1000), an anti-GLUT2 (1:1000) (Santa Cruz, CA, USA) or an anti-b-actin antibody (1:6000) (Vazyme Biotech, China) at 4 overnight with gentle rocking. After washing five times with TBST, the membranes were incubated at room temperature for 2 h with horseradish peroxidase-linked secondary antibodies (Vazyme Biotech, China). Finally, the membranes were washed with TBST followed by development using the Supersignal West Dura Extended Duration Substrate in accordance with the manufacturer's instructions (Pierce, USA). The images were detected using chemiluminescence (Applygen, China). The Western blots were quantified by measuring band intensity using the AlphaImager 2200 software. Ratios of the intensities for specific protein bands and housekeeping protein bands were calculated.
Statistical analysis. The data are presented as mean ± standard error of the mean (SEM). The data were tested between the LP and NP levels for significance with an independent t-test method, using the statistical software SPSS 16.0. The differences were considered significant at * P < 0.05, ** P < 0.01. Fig. 1 . The goblet cells in the colon were stained with Periodic acid-Schiff reagent (PAS) and counterstained with hematoxylin (A, B), colonic crypt depth determined on hemalun-stained sections (C) and the number of goblet cells (D) in each crypt were counted. Scale bar 100 mm. Values are means ± SEM; n = 6 pigs/group. Fig. 2 . The effect of protein levels on the cell junctions in the colon. The finishing pigs were fed with 13 % and 16 % CP in dietary. The Claudin-1 expression in the colon (A) and E-cadherin expression in the colon (B) were detected using Western blotting. The values are the means ± SEM; n = 6 pigs/group; * P < 0.05.
RESULTS
The effect of dietary CP levels on crypt depth and the number of goblet cells. In the previous study, we found that dietary different CP levels treatment had no effect on the growth performance in finishing pig, such as final body weight, average daily feed intake and the ration of feed and gain (He et al.) . The growth performance results are consistent with the intestinal morphology. The CP concentration in the dietary did not affect the colon morphology ( Fig. 1 A and  B) and colonic crypt depth (Fig. 1 C, Goblet cells are localized throughout the length of large intestines, which will maintain the protective mucus blanket by synthesizing and secreting highmolecular-weight glycoproteins (Johansson & Hansson, 2013) . Similarly, the number of goblet cells per crypt in colon was also not affected by the CP concentration in the dietary (Fig. 1 D, P > 0.05) .
The effect of dietary CP levels on cell junctions in the colon. Claudin-1 and E-cadherin are important component proteins of tight junctions and adhesion junctions, respectively, which control the intestinal epithelium paracellular pathway (Tang & Goodenough, 2003; Lee et al., 2013) . The tight junction is important in regulating intestinal inflammation. We did not detect a significant difference in Claudin-1 and E-cadherin expression between the NP and LP groups in colon (Fig. 2, P > 0.05) .
Expression of amino acid transporters in the colon. The lumenal plasma membrane of the absorptive cell contains at least three amino acid transporters (AAT), one each for acidic, basic and neutral amino acids (Xiong et al., 2012) . The results showed that compared to the NP group, the LP group (13 %) significantly stimulated expression of the basic AAT CAT1 in the colon (Fig. 3 A, * P < 0.05). However, the dietary CP levels did not influence expression of the neutral AAT ASCT1 and acidic AAT EAAT3 in the colon (Fig. 3 B C, P > 0.05) . Fig. 4 . The glucose transporter expression in the colon. The finishing pigs were fed with 13% and 16% CP in their diets. GLUT2 expression in the colon (A) and SGLT1 expression in the colon (B) were detected through Western blotting. Values are means ± SEM; n = 6 pigs/group; * P < 0.05. Fig. 3 . The amino acid transporter expression in the colon. The finishing pigs were fed with 13 % and 16 % CP in their diets. CAT1 expression in the colon (A); ASCT1 expression in the colon (B); and EAAT3 expression in the colon (C) were detected through Western blotting. The values are the means ± SEM; n = 6 pigs/group; * P < 0.05.
Expression of glucose transporters in the colon.
Intestinal glucose absorption is mediated by the sodium-dependent glucose transporter SGLT1, whereas the facilitated glucose transporter GLUT2 provides a basolateral glucose exit into the blood stream (Röder et al., 2014) . The results showed that compared to the NP group, the LP group (13 %) significantly stimulated expression of the GLUT2 in the colon (Fig. 4 A, ** P < 0.01). However, the dietary CP levels did not influence expression of the SGLT1 in the colon (Fig. 4 B, P > 0.05) .
DISCUSSION
Reducing the concentration of nitrogen nutrients in the dietary is health for human, reducing the ratio of IBD. Our previous study demonstrated that the ileal digestibilities of CP, dry matter (DM) were increased significantly in the LP group compared to NP group, although the mRNA levels for digestive enzymes were not changed (He et al.) . Moreover, the LP diet supplemented with deficient amino acids also did not affecting growth performance, including the final body weight. In this study, we found that LP in dietary did not exhibit effects on claudin-1 and E-cadherin expression in the colon, which is essential for the protection of mucosal barrier integrity. The above results indicated that low protein concentration (13 %) in the dietary could maintain normal colonic morphology and the integrity of colonic mucosal barrier. This was also further confirmed by the similar number of goblet cells and crypt depth between LP group and NP group. Most interestingly, in previous study, we found that the final body weight, feed to gain ratio and average daily feed intake did not differ significantly between the LP and NP groups (He et al.) . This may be explained by the enhancement of absorption efficiency under reducing the dietary CP concentration to 13 %.
Dietary protein is hydrolyzed by digestive proteases to absorbable constituents, including dipeptides, tripeptides, and amino acids. Amino acids are efficiently absorbed by the intestinal epithelium through AAT (Mourad et al., 2009) . Reducing protein concentration in dietary will not affect the ASCT1 and EAAT3 expression, which implied low protein could also guarantee amino acid absorption. CAT1 is responsible for transporting lysine, arginine and ornithine (Hosoya et al., 2010) . The LP group exhibited an increase in CAT1 expression in the colon compared with the NP group, which may be a compensatory mechanism of enhancing nutrients absorption in low protein environment.
Colon may also be involved in amino acid and glucose absorption (Ugawa et al.; Blachier, 2013) . SGLT1 and GLUT2 are the main intestinal glucose transporters and play an important role in intestinal glucose sensing (Röder et al.) . SGLT1 is unequivocally the prime intestinal glucose transporter even at high luminal glucose concentrations. Recently, scholars postulated that GLUT2 could be recruited into the apical membrane after a high luminal glucose load, which allows for bulk absorption of glucose by facilitated diffusion (Röder et al.) . The results show the SGLT1 expression in the colon in the LP group will not be affected, and the GLUT2 expression will be increased, which will guarantee for stable glucose absorption and metabolize.
In conclusion, we presume that the large intestine does not play an important role in nutrient absorption because it only absorbs water, inorganic salt and certain vitamins (Higaki et al., 2001) . In this study, AATs and glucose transporters was also detected in the colon. Furthermore, the LP group exhibited a significant increase in CAT1 and GLUT2 expressions in the colon compared with the NP group to maintain nutrients absorption in low protein dietary. This study demonstrated that low protein dietary is sufficient to protect the colon integrity and nutrition absorption, which will support the application of low protein dietary in preventing intestinal inflammation in colon. RESUMEN: La reducción de concentración de nitrógeno en los alimentos lácteos es económicamente favorable para la industria porcina. En este trabajo se utilizó el cerdo de acabado como modelo para investigar el efecto sobre la barrera de la mucosa del colon y la absorción de nutrientes después de reducir la proteína bruta (CP) en la dieta del 16 % al 13 %. Los resultados mostraron que la profundidad de la cripta, las células globulares, el nivel de expresión de Claudin-1 y E-cadherina no cambiaron, lo que implicaría la integridad de la estructura de la mucosa del colon. Además, las expresiones de ASCT1, EAAT3 y SGLT1 en el colon también se mantuvieron en niveles normales en el 13 % de la dieta de CP. Sin embargo, la expresión de CAT1 y GLUT2 incrementó significativamente después de reducir el nivel de CP a 13 %, lo que podría atribuirse a la absorción de nutrientes compensatorios. Este estudio indicó que el CP del 13 % era suficiente para mantener la estructura normal del colon y no cambiaría la morfología intestinal, lo que proporcionó una base para una fórmula económi-ca ideal para la alimentación con proteínas.
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